There is a difficult polarity between reality and ecologically desirable goals of stream ecosystem management in Switzerland. Most streams are exposed to a variety of impacts. Due to a high intensity of anthropogenic activity there is a high pressure on land and water use. Essential water uses have to be guaranteed. On the other hand there is also a strong need to preserve or restore (bring back ecological integrity) or rehabilitate streams (bring back 'relative ecological integrity'). Stream assessment should, therefore, produce sound data suitable for characterizing the ecological condition of streams and for supporting their sustainable management. The methods should include a system approach as the basic unit and sound scientific principles of ecological integrity emphasizing habitat connectivities. The methods should allow: • the condition of streams to be rationally described and judged, • identification of different kind of impacts on a stream, • verification of the effects of water protection measures, • identification of suitable future actions in the context of a whole stream system. In order to cover the various requirements a modular concept for stream system-oriented analysis was developed. Altogether nine modules are elaborated. Each module deals with specific stream features (two hydrodynamic and ecomorphological modules, five biological modules, two chemical and ecotoxicological modules). Single modules, several modules, or all of them may be applied, depending on the purpose of the analysis. For each module a cost-effective survey procedure (rapid method) and a progressively more rigorous method providing more detailed information is suggested. Based on the result of the analysis, stream rehabilitation concepts can then be elaborated in cooperation with managers, river engineers and biologists.
Introduction

Situation of streams and rivers
Switzerland covers an area of 41 000 km 2 . With an average rainfall of 1.5 m, the country is rich in water. The total length of the streams and rivers is 65 000 km. The population density (172 per km 2 ) shows large regional variation. Most of the population as well as the economic and agricultural activity is concentrated in the non-mountainous region of the Swiss Plateau, which covers about one third of the territory. 60% of the country's electric energy consumption is covered by hydropower. The pressure on land and water use has resulted in extensive physical degradation of rivers and streams. Figure 1 gives a synopsis of the development of river engineering works along major rivers and streams in the north-eastern part of Switzerland (Koblet, 1995) . Figure 2 shows the fractions of streams that have been lost in the Canton of Zurich, part of the Swiss Plateau, through putting them into culverts. This has been done for flood protection, to gain land for urban development and to improve farming conditions. About 35% of all streams in the Canton have been lost in this manner. First order streams are the most often involved, so that today much of the network of small streams is missing (Hütte et al., 1994) . Of the Figure 1 . Development of structural modifications of Swiss rivers (north-eastern Switzerland) (Koblet, 1995) .
remaining streams, a large majority has been physically altered in various ways. The situation in Canton Zurich reflects that in large parts of Switzerland. In the alpine regions there is less pressure from land use, but numerous streams suffer from the impact of hydropower generation (total or major withdrawal of water, temporary or seasonal changes of flow regime, thermal chaos, disruptions of longitudinal connectivity).
In all, only about 10% of the Swiss streams and rivers remain in a natural or near-natural state (BUWAL, 1997) . In addition to the effects of physical changes, water quality must be considered. Although water quality -measured by conventional parameters like DOC, nitrogen compounds, and phosphorousis usually good, ecotoxicological effects due to organic chemicals, metals and drugs still create a serious threat to aquatic organisms. Recently, widespread or- Figure 2 . A broad classification of streams in Canton Zurich in terms of land-use and culverting (Hütte et al., 1994) .
gan damage of fish and a decrease of fish catches was reported (Friedl & Staub, 1998) . These effects are thought to have multifactorial causes, not only the presence of chemicals, but also changes in morphology, hydrology and temperature, along with fish management practices.
Political goals for stream management
Over the past 15 years some 50 km of streams have been ecologically improved every year (BUWAL, 1997) , either by reopening of culverts or by rehabilitation of degraded streams. In 1992, new federal laws on Water Protection and on Water Correction Works, created the statutory basis for the protection and improvement of stream habitats. Additional regulations are found in the federal laws on the Protection of Nature and on Fisheries. The ongoing reform of the agricultural sector promotes ecologically sound farming and the creation of ecological compensation areas. The rehabilitation of removed buffer strips along streams will be possible in this context.
The Federal Water Protection Law aims at protecting water bodies against harmful effects and at the same time guaranteeing their different functions. In particular, the law serves:
• to ensure essential uses of water, like water supply and irrigation,
• to safeguard the health of humans, animals and plants, • to preserve natural habitats for indigenous animals and plants and their communities, • to preserve fish and fisheries, • to preserve the water bodies as elements of the landscape, • to maintain the natural functions of the water cycle.
The ecological goals for the surface waters are described as follows:
• The water bodies, and the surrounding area influenced by them, should maintain self-reproducing and self-regulating communities of animals, plants and microorganisms typical for a given location under near-natural conditions. The variety and frequency of species should be typical for water bodies of the same natural type which are exposed to little or no anthropogenic stress.
• The physical characteristics of water like morphology, sediment transport, flow regime and temperature regime shall have a near-natural variety and dynamics. In particular, unrestricted selfpurification processes, a natural exchange of material between the water and the bottom, as well as unrestricted interactions between the water and its surroundings must be guaranteed.
• The chemical characteristics of the water must be such that -chemical compounds that may be harmful to aquatic life or to essential water uses do not accumulate to harmful concentrations, either in animals and plants or in suspended solids and sediments, -biological processes which regulate basic physiological processes of animals and plants like metabolism, reproduction and orientation by using the sense of smell, are not affected, -biological productivity does not exceed natural productivity.
The federal laws state that future engineering works may only be carried out if flood prevention cannot be achieved by either stream maintenance or by land use planning, or in cases where there is a major public economic interest. Unavoidable modifications should seek to retain near-natural conditions. Culverts have to be reopened when they need to be replaced. The Water Protection Law restricts water withdrawals, requiring that a certain residual flow be maintained, but this applies solely to new and renewed water use concessions.
What do the political goals mean?
Extensive action to improve the ecological quality of streams is necessary. Though some of the new legislation is progressive, restoration of most streams is impossible. By definition, restoration means bringing an ecosystem back to its original state. Under the given conditions in Switzerland, this can never be a realistic strategy. Human needs and exploitation of ecosystems most often come into conflict with maintaining natural or near-natural habitats and biodiversity. Striking a balance between conflicting interests is the only possibility.
What is the main goal for ecological improvement under these conditions, in terms of a scientifically sound concept? Obviously it cannot be ecological integrity, because this refers to original, undisturbed conditions and basically implies a catchment that is not -or only slightly -impaired. Preference should be given to the concept of sustainable development, which means economic development that satisfies both present and future human needs for resources and employment, while minimizing its impact on biological diversity (WRI/IUCN/UNEP, 1992). In this context, the integrity of ecosystems needs a new and broadened definition.
Scientific basis for stream assessment
The concepts of restoration and rehabilitation 'Preservation' is the maintenance of undisturbed ecosystems. It is crucial in habitat protection and conservation biology, but will not be discussed here. Stream 'restoration' aims at reestablishing ecological integrity, which is the sum of physical, chemical and biological integrity (Karr & Dudley, 1981) . In its original definition 'biological integrity' refers to 'the capacity to support and maintain a balanced, integrated and adaptive biological system having the full range of elements and processes expected in a natural habitat of a region' (Frey, 1977; Angermeier & Karr, 1994) .
For degraded streams with strongly modified catchments, the concept of restoration aiming at ecological integrity cannot be applied. A rational aim for ecological improvement of such streams could be to develop them 'in the right direction', i.e. towards a reference state of maximum naturalness attainable under the given conditions in a catchment. This process is 'rehabilitation' (improvement from a degraded state, Bradshaw, 1997) . It implies focusing on attainable replacement of (artificial) elements and reestablishment of processes (Cooke & Jordan, 1995 , cited in Angermeier, 1997 . The ecosystem structure (species, habitat) is improved and ecosystem function will increase.
A rehabilitated ecosystem is different from a pristine ecosystem. It is, however, also an intact ecosystem and is characterized by complex habitat heterogeneity and the existence of longitudinal, lateral (riparian vegetation) and vertical connectivity. It possesses a certain potential for resistance (capacity to maintain natural structure and function after a natural disturbance) and for resilience (capacity to recover after a natural disturbance or following the cessation of an anthropogenic perturbation) (Kauffman et al., 1997) .
Connectivity: longitudinal, lateral, vertical
Connectivity depends not only on environmental characteristics, but also on the behavior of organisms. Connectivity in a functional sense has to be distinguished from structural connection, which is the physical connection that permits exchange, including permanent or temporary connections between environmental units (Amoros et al., 1993) . Connectivity is high if the physical connection is unimpaired and organisms can move in a longitudinal, lateral, or vertical direction. Fish depend on the physical connection of their habitat (spawning-feeding-wintering habitat) and fragmentation of habitat adversely affects the fish population. This is not only the case for potamodromous fish species but also for species that only carry out limited migrations (more or less resident fish species). Gravel spawning species like brown trout (Salmo trutta fario Linnaeus) and grayling (Thymallus thymallus Linnaeus) highly depend on the longitudinal, lateral and vertical dimensions of an ecosystem. They dig their redds in gravel (vertical dimension) and, after emergence, larvae depend on shelter and dead zones along the river margin (lateral dimension) (Sempeski & Gaudin, 1995) . During their life cycle, individuals of both species need an intact habitat corridor and carry out migration (dispersal from the redd, feeding migration, remigration to the spawning grounds) in the longitudinal direction.
Ecologically important stream features
Hydrology/flow regime
Stream flow pattern is highly dynamic, varying not only between different sites of a stream but also over time. The catchment functions as a system which interacts with the surrounding environment. Hydrology is one of the major influences on the aquatic biocenosis.
Structure of stream bottom and instream structure
Most macroinvertebrates and many fish species live in close association with the stream bottom. Many macroinvertebrate taxa show some degree of substrate specialization and preference. Lithophilous taxa prefer stony substrate, xylophilous taxa live on woody debris and phytophilous taxa live in association with aquatic plants (Allan, 1995) . In the same way, substrate preference plays an important role for spawning fish and for the time after hatching. Balon (1975) classified fish reproduction according to the site of spawning, the adaptations of the eggs and embryos and the degree of parental care.
Instream structure is mainly important for fish. It includes various kinds of overhead covers like woody debris or turbulence and submerged cover such as logs, boulders, rocks and vegetation. Instream structures transform streams into diverse, productive fish habitats.
Structure and vegetation of bank and surrounding area
Riparian zones (habitat along stream channels) are rich ecosystems in terms of biological structures and diversity. In addition they act as buffer strips, preventing fine sediment from entering the river channel. Moreover, bank vegetation provides shade, shelter and cover for organisms in the stream; it also regulates the water temperature. The transition zone between the stream and the terrestrial ecosystem consists of an ecotone which distinguishes itself by high species diversity. The well-being of continental water bodies depends largely on their terrestrial environment (Décamps & Naiman, 1990) .
Disruptions of longitudinal connectivity
Longitudinal disruption may impede abiotic dynamic processes in the downstream direction (stream flow, bedload, suspended load) as well as downstream and upstream movements of organisms (Hütte et al., 1994) , especially permanently aquatic organisms like fish, mussels and Gammaridae. Because aquatic insects emerge as winged animals they are less impeded by barriers. Barriers (weirs, culverts, etc.) block upstream migration and dams and turbines seriously interfere both with upstream and downstream migration. Longitudinal disruption disconnects stream reaches and splits them into small, isolated patches. This habitat fragmentation limits the dispersal and colonization for many species (e.g. Cottus gobio Linnaeus, Utzinger et al., 1998) .
Temperature
Temperature sets limits on where a species can live. In contrast to the maximum summer temperature, lowtemperature extremes are less critical. For example, brown trout do not occur in warm-water streams (maximum summer temperature above 25 • C).
Chemistry
Under pristine conditions the chemical composition of the water in streams is regulated by hydrogeochemical and hydrological processes and by natural input of organic matter. Human activity (waste water, agriculture, sealing of land surface, atmospheric pollution, etc.) leads to the addition of different kinds of chemical compounds and suspended solids. Many different physicochemical and biochemical processes are stimulated, leading to damage of organisms, loss of species and changes in the structure of communities. Important examples are:
-increased biological self-purification following the input of degradable organic compounds; -nitrification and production of toxic nitrite; -acute and chronic toxic effects of metals; -toxic effects of numerous synthetic chemicals.
Nutrients (mainly P, N) may under certain conditions enhance biological productivity in streams.
Biological features and their temporal-spatial scales
The abiotic stream conditions play a pivotal role for the biological processes in streams. The different biological features represent different temporal-spatial scales (Table 1) . Approach to stream assessment in strongly modified catchments
Directing ecological improvement towards 'relative ecological integrity'
The governing concept for the ecological improvement of most Swiss streams must be rehabilitation. Rehabilitation measures should be directed towards a reference state (Figure 3 ). For anthropogenically modified catchments, we define the reference state in a pragmatic way as follows: The reference state is the near-natural state of a stream in the given anthropogenically influenced environment. Certain marginal conditions of the catchment are accepted as being immutable, or subject to only limited change, e.g. draining of large areas of wetland. The reference state is characterized by:
• absence of engineering works, i.e. planform and cross-section are the result of the (anthropogenically modified) catchment morphology, • no flow modification by hydropower or irrigation use, • vegetation of banks and of adjacent areas typical for the given location, • no or only very low anthropogenic load of chemical contaminants in the water, low alteration of water temperature.
A stream corresponding to the reference state is an ecologically intact system, even if it does not qualify for ecological integrity. An appropriate term to characterize the reference state might be 'relative ecological integrity'.
Aims of stream assessment
Methods for the assessment of streams should be in compliance with this concept. They should focus on the most important stream features and produce data suitable for characterizing the ecological condition of streams and for supporting their ecologically sound management. Since we are dealing with anthropogenically modified catchments, the methods used should always produce management-oriented data. They should include a system approach as the basic unit and be based on scientific principles of stream integrity emphasizing habitat connectivities. The methods should allow:
• the condition of a stream(system) to be rationally described and judged, • identification at the different kinds of impact on a stream(system), • verification of the effects of water protection measures, • identification of suitable future actions in the context of a whole stream(system).
Parameters and processes to characterize stream condition
The condition of a stream is usually defined by quantitatively measurable values which attempt to describe the system or its constituents in detail (Wuhrmann, 1974) . By considering the functions which a stream performs for people, an element of valuation or prioritization is introduced. Beside ecological functions, the functions of a stream may include different practical uses along with emotional and aesthetic values (Figure 4 ). Due to high intensity of human activity, streams usually have to fulfill several functions at the same time.
A comprehensive description of the condition of a stream taking into account all potentially important factors is not possible. For example, we are far from being able to understand the effects of thousands of interacting chemicals. Indeed, we are not even able to detect most of the chemicals and their metabolites, at least not with affordable expenditure. Thus, the description of stream condition must always be based on a limited set of parameters and processes.
Criteria for making a choice of parameters to measure include:
• relevance with respect to ecological pattern and functions, to the health of people and other organisms and to economic and recreational uses, • availability of methods for measurement, • cost of measurement.
The parameters and processes to be chosen should represent the ecologically most important stream features. The selected measures should allow a single feature to be described, e.g. the bank structure, or a set of combined features, e.g. morphology or oxygen balance, or a more comprehensive assessment to be made. Examples for such parameters and processes are:
• water flow: natural regime, direct modifications (withdrawals, returns) and indirect modifications (e.g. through land use), • channel pattern: under pristine conditions, gradual changes through human influences, • variability of bed width and water depth, • natural and artificial falls, • water temperature, • oxygen content of water and sediment, • concentrations and loads of oxygen-consuming compounds like DOC and ammonium, • concentrations and loads of ecotoxicologically relevant chemicals like Cu, Pb, PCB, nonylphenolcompounds, • occurrence of specific species, and diversity of fish, invertebrate and macrophyte communities, • primary production of algae, • ecotoxicological potential/effects of water samples. The parameters and processes represent different spatial scales (cm to km) and different temporal scales (days to thousands of years) of ecological processes (Ward, 1997) . Different patterns of data collection (single time pairs, time series, etc.) and of statistical analysis, have to be applied for different parameters and processes, depending on their physical, chemical and biological dynamic and on the objective and the available resources for the assessment. Other attempts at comprehensive evaluation systems and illustrations of the comprehensive approach to assessing river quality were published by Boon & Howell (1997) . developed a system for evaluating rivers for conservation (SERCON) in the UK. SERCON is a broad-based technique for river evaluation, designed to be applied with greater consistency than other methods. Like our approach, SERCON has been developed principally for use at the scale of the catchment and subcatchment. There is a clear focus on the physical, chemical and biological features of river channels and banks, riparian zones and associated floodplains.
The Swiss modular concept for stream assessment
General principles
As an appropriate answer to the variety of the ecological processes to be assessed and the different requirements to be fulfilled by the assessment, a modular survey and evaluation concept for system-oriented analysis has been developed . Each module deals with specific stream features. The different modules are designed to be complementary to each other. Single modules, several modules, or all of them may be applied, depending on the purpose of the analysis.
For each stream feature a cost-effective survey procedure (rapid method) and a progressively more rigorous method providing more detailed information is suggested. This step-by-step approach enables a better understanding of the complexity of a stream system and the human influences on it. Based on this, rehabilitation concepts can then be elaborated in cooperation with managers, river engineers and biologists.
The different levels
The methods of the first level (regional scale survey) are rapid, cost-effective, and provide information on the conditions of all streams within a certain area (e.g. river catchment area, Canton). The second level, the catchment scale survey, comprises modules which allow a more detailed analysis of whole stream systems including tributaries. Finally, the third level of effort, the extensive reach scale, includes an extensive, costly study of a short reach of a stream (0.1-1 km) in order to investigate specific questions or problems (minimum flow, survey after stream restoration, impact of sewage plants, etc.). Only general advice is given here for this level. Table 2 provides an overview of the three levels with different monitoring efforts. 
Assessment of the survey result Scoring in level I
For the different analyzed stream reaches a point scoring is carried out and the reaches are arranged according to their naturalness (natural stream properties) in four different classes (arbitrary scoring of each parameter with final calculation of the average).
Class 1: natural/near-natural, Class 2: little affected, Class 3: strongly affected, Class 4: artificial stream conditions. Class 1 combines the two classes 'high quality' and 'good quality' of the proposed classification by the European Community.
To present an overview, maps are drawn with different colors for the four classes. The maps are completed with additional information (e.g. natural and artificial barriers impeding upstream migration of fish, riparian conditions, etc.).
The classification of ecological status and presentation of the results are in accordance with the corresponding proposal of the European Community (Commission of the European Communities, 1998).
Deficit analysis in level II
At this level no point scoring is carried out. The actual condition of each stream reach is compared with a reference state as already defined. The reference state (ecomorphological reference) is derived from historical references/old maps, from reference sites, or from reconstruction based on 'best-available' information. The latter implies elements of arbitrary judgment, which is often unavoidable. The deficit analysis is followed by an evaluation of potential measures to improve the ecological conditions. The measures are prioritized and ordered according to an ecological benefit-cost ratio, whereas the benefits are measured in terms of the length of stream section made accessible to migrating organisms, or the area of adjacent terrestrial ecosystem networked with the stream. Table 3 gives a synopsis on the whole modular concept for levels 1 and 2, each comprising 9 modules.
The modules
Level III contains detailed site-specific studies and no further directions are described.
Each module will be separately developed and can be used independently or combined with any other module.
Conclusion
The Swiss modular concept attempts to provide a rational, scientifically sound tool for stream assessment and development in anthropogenically intensively used catchments. In such catchments, restoring ecological integrity is not possible. Certain anthropogenic modifications of the environment have often to be accepted as immutable and dealing with conflicting interests is unavoidable. The will to achieve ecological improvement under these premises is the driving force for the Swiss modular concept. The direction of improvement (rehabilitation) is given by 'relative ecological integrity' defined as the near-natural state in the given anthropogenically influenced environment. Following this direction will lead to 'the best-possibleecological solution' under the given circumstances.
Standardized methods will only be useful if they are accepted by the users, for example public authorities, private consultants and interest groups. Therefore, much emphasis was put on involving various users (and scientific disciplines) in the development of methods. This process included:
1. building the scientific basis of the modular concept with the support of multidisciplinary expert groups, 2. formulating the modular concept and developing the individual assessment methods in cooperation with representatives of public agencies and private consultants, 3. submitting drafts of methods to users for practical testing and comments, 4. holding hearings with major cantonal and federal agency players on the modular concepts and individual methods.
Involving users is very time consuming. The result in terms of support, however, is worth the effort. Though rigorous application of the assessment concept will support major ecological improvements of the running waters, it has to be recognized that the complex problem of biological impairment resulting from the very complex mixture of industrial chemicals and drugs occurring in the environment cannot be solved on a catchment level. Nationally and internationally coordinated measures are needed. Awareness of ecotoxicological effects must be developed and scientific efforts must be made to gain a better understanding of these effects. This will support the political efforts needed to control chemical uses and inputs (including drugs).
Of the modules briefly described above, that on ecomorphology has been published and some are in progress. Most modules will be available within the next 2-3 years.
